Immersion in water in spas has been practised for centuries and has many proponents. Despite fierce debate about its efficacy there has been little scientific evaluation of the effect of immersion in mineral waters. Eight normal subjects were immersed in Bath spa water for two hours and the renal, haematological, and cardiovascular responses were compared with those in the control periods before and after immersion. Significant, twofold diuresis and natriuresis, 5% haemodilution, and a 50% increase in cardiac index were observed in subjects immersed, sitting, in Bath spa water at 35°C. These changes may constitute part of the scientific rationale for spa treatment in many states of disease.
Introduction
James Crook of Long Acre, had dropsy, jaundice, palsy, rheumatism and an inveterate pain in his back.
In three immersions, the swellings of his legs sunk, so did the pain of his back, as did the jaundice, blowing from his nose a great quantity of bilious yellow matter. From the rigidity and the pressure of the fluid, we may account for his pissing more than he drank.
A SUTHERLAND, 17641
Despite extensive use throughout the centuries and many claims on its behalf (fig 1) ' it has only been with the advent of the manned space flight programme that a thorough scientific evaluation of the physiology of immersion in water began.2 An understanding of the changes induced by immersion became important as it was used as a model ofweightlessness for experiments and training astronauts ( fig  2) . 2 3 Immersion in water produces profound changes, including diuresis, increased sodium excretion, increased potassium excretion,2 and an increase in cardiac output. [3] [4] [5] We investigated these changes in normal subjects undergoing immersion in Bath 
Patients and methods
Studies of immersion were carried out in eight normal subjects, four men and four women, age range 20-56 years. Subjects were maintained on a normal diet but asked to maintain an identical diet for two days before the study began.
Subjects arose at 7 30 am and ingested 400 ml water. At 8 30 am they passed urine and a further 200 ml water was drunk. After a control hour before immersion sitting outside the spa bath subjects entered the spa bath at 9 30 am and remained seated, immersed to the suprasternal notch, for two ....... hours. At the end of each hour 20 ml blood was withdrawn, the subjects passed urine, and a further 200 ml water was drunk. A further control hour after immersion was spent sitting outside the spa bath. Urine and plasma sodium and potassium concentrations were measured using flame photometry with an internal lithium standard ( analyse the wave form1 and the cardiac output was calculated as the product of mean aortic velocity and aortic cross sectional area. This method is reported to correlate well with both rebreathing and thermodilution techniques (r=0-97, p<0-001).6 As the subjects acted as their own controls we assumed that the aortic cross sectional area was constant. As the important variable to study was the relative changes on immersion the men were ascribed an aortic diameter of 28 mm and women 27 mm. We thus described our results in terms of changes in cardiac index rather than measurements of absolute cardiac output. 
Results
Renal changes Immersion in Bath spa water resulted in highly significant diuresis compared with the control state before immersion (p<001). The mean (SEM) total excess volume ofwater excreted as a result ofimmersion over the two hour period was 510 (85) ml. A twofold increase in sodium excretion resulted from immersion (the rate before immersion was 86 (15) pmol/min and 170 8 (29) pmol/min during the second hour) (p<001) ( fig 5) . A significant increase in potassium excretion was also observed on immersion and was of the same amount as the sodium excretion (from 78-6 (19) pmol/min before immersion to 156-2 (28) pmol/min by the second hour) (p<0-01). A mean loss of weight of 0 53 (0-14) kg occurred. This corresponds with the losses of water from diuresis and also some loss from sweating. No significant change was seen in creatinine clearance throughout immersion, which ranged from mean values of 109 to 121 ml/min (fig 6).
The concept of "washing away disease" and the obvious symbolic importance of water probably contribute to an important placebo element in such treatment. Excessive and spurious claims ( fig 1) and many charlatan practices that have grown up with spas7 have helped to discredit them in the eyes of many scientific establishments.
Scepticism based on ignorance impairs scientific evaluation as much as do claims based on excessive faith. It is perhaps ironic that it is only as a result of mankind's need to conquer space that investigation into the basic physiology of immersion in water has begun. Early in the experience of space flight it became apparent that dehydration was a possible hazard, and during skylab flights plasma volume decreased by up to 15%.8 The theory emerged that weightlessness resulted in a movement of blood from the limbs to the thorax. Engorgement of central blood volume was thought to trigger diuresis, natriuresis, and increased cardiac output. Immersion in "thermoneutral" water (35°C) also leads to a considerable renal response, and a similar mechanism of augmented venous return from the peripheries to the centre occurs. 2 We studied immersion in Bath spa water at a temperature of 35°C and a seated depth of three feet over two hours. Bath spa water emerges from its source at 40°C, but temperatures in the bathing pools are equilibrated at around 35°C, which is the recommended temperature for hospital hydrotherapy pools. Much Our studies have also shown that immersion in water causes haemodilution. On immersion in spa water a fall in haemoglobin concentration, packed cell volume, red cell count, and albumin concentration was observed. There was also a smaller fall in plasma viscosity. These changes, which occurred without any change in plasma sodium concentration, suggested that immersion shifts extracellular fluid into the vascular space and that this iso-osmotic solution dilutes the red cell variables and albumin concentration. ' immersion implies that the increased sodium excretion is not due entirely to suppression of the renin-aldosterone system.'0 Other mechanisms perhaps acting directly on proximal tubules have been proposed, such as natriuretic factors," renal prostaglandins,'2 or the kallikrein-kinin system." While the renal changes induced by immersion are interesting and their complex hormonal background stimulating to the researcher the importance of these effects in states of disease still has to be elucidated. The amount of water and sodium excreted on immersion is small compared with the effect of powerful diuretics available today. For James Crook in 1764,' however, disabled by his dropsy (probably decompensated liver cirrhosis), a small effect would have been better than nothing. It is also interesting to note that while spa treatment was recommended for chronic oedematous conditions these early workers recognised that immersion with acute heart failure was dangerous,' presumably by further increasing a high central venous pressure.
or sodium concentrations was observed in our study. Whether the drinking ofthese mineral waters leads to significant changes in body content and has separate effects on physiology in health and disease remains an open question.
In conclusion, we tend to agree with the observations made 250 years ago by Friderick Hoffman, a Fellow of the Royal Society, that with regard to immersion "the chief virtues of medicinal springs are, in a great measure, owing to the Water itself, independent of their solid ingredients; and pure elementary water is an almost universal medicine." Whether water immersion is the "almost universal medicine suited to the cure of all diseases" as this early author goes on to claim, requires further scientific validation. What is certain is that a proper understanding of the physiology and pathophysiology of immersion is the important first step. France to perform important experiments. Lister's perseverance was eventually rewarded by recognition of the value of his work in his lifetime. Elective surgery became a safe and acceptable practice and the doors were opened to a renaissance in surgery, with all the highly developed branches of the art owing a direct debt to the elimination of operative sepsis.
Organ transplantation is a branch of surgery that is still young and, though pale in reflection to the importance of Lister's achievement in the control of surgical sepsis, bears some similarity to his life's work.
Death sentence
When I was a medical student terminal renal failure was a death sentence: all that could be done for the patient was to see to his comfort with sedative drugs. Liver and cardiac failure were similarly lethal, and even now with the best possible control some insulin dependent diabetics become blind and develop renal failure. It is fortunate for these patients that surgeons considered their plight and conceived of the possibility of treatment by organ replacement.
As a medical ward clerk working in Bright's old hospital, taking care of a young boy with terminal Bright's disease, I remember asking the consultant physician whether the patient might be treated by a kidney transplant. He told me that such a procedure was impossible but on further questioning he could not tell me why and similar inquiries to other clinicians met with the same response. In the next few years important clinical investigations were performed at the Peter Bent Brigham Hospital in Boston in Dr Francis Moore's department. A young surgeon, David Hume, supported by the nephrologist, John Merrill, transplanted a series of kidneys taken from dead donors, or so-called "free" kidneys removed in the course ofother operations, into patients with chronic renal failure. Despite no serious attempts at immunosuppression, apart from giving small doses of steroids, some of these kidneys functioned for a surprisingly long time compared with the findings in animals in whom rejection of kidneys occurs between seven and ten days. The longest function in this clinical series was five and a half months. Hume and Merrill thought that the chronic uraemia from which the patients suffered may have contributed to their
